Abstract Opencast as well as underground coal mining are likely to disturb the underground water table in terms of quantity as well as quality. Added to this is the problem of leachates from the large number of industrial waste and overburden dumps that are in abundance in mining areas, reaching the ground water and adversely affecting its quality. Enhancement of heavy metals contamination of the ground water is one eventuality. In the present work, concentrations of 7 heavy metals have been evaluated at 20 important ground water sampling stations at Dhanbad township situated very near to Jharia coalfields. The concentration of heavy metals in general was found to be below the permissible levels although concentration of iron and manganese was found above the permissible limits at a few stations. These data have been used for the calculation of heavy metal pollution index (HPI). The HPI of ground water in total was found to be 6.8860 which is far below the critical index limit of 100 pointing to the fact that the ground water is not polluted with respect to heavy metals in spite of the prolific growth of mining and allied industrial activities near the town.
Introduction
Opencast as well as underground coal mining disturb the underground water table in terms of its level, quantity as well as quality. Coal mining activity in India started decades back, since then the ground water is getting affected. Along with coal mining, leachates generated from large number of industrial waste and overburden dumps that are in abundance around the mining areas, may reach the ground water and may adversely affect its quality (Khan et al. 2005; Mohammad et al. 2010) . Enhancement of heavy metals contamination of the ground water is one of the serious eventualities. Some of the heavy metals considered as micronutrients become detrimental to human health when their concentrations exceed the permissible level of drinking water (Prasanna et al. 2011) . Thus, evaluation of heavy metals in ground water that is used for drinking purpose is of great significance from the human health point of view. In the present study, seven important heavy metals such as iron, manganese, lead, copper, cadmium, chromium and zinc have been evaluated in 20 ground water samples, obtained from different places of Dhanbad township which is located very near to Jharia coalfields, for 3 different seasons of the year 2011 and heavy metal pollution index has been evaluated to know the present status of overall pollution level of ground water with respect to heavy metals.
The pollution parameters monitored for the assessment of the quality of any system give an idea of the pollution with reference to that particular parameter only. Quality indices are useful in getting a composite influence of all parameters of overall pollution. Quality indices make use of a series of judgements into a reproducible form and compile all the pollution parameters into some easy approach. Several methods have been proposed to develop quality indices for estimation of characteristics of surface water with water quality parameters (Horton 1965; Lohani and Todno 1984; Tiwary and Mishra 1985; Joung et al. 1979; Landwehr 1979; Nishidia et al. 1982) . In past years, the authors (Prasad and Jaiprakas 1999; Prasad and Bose 2001; Prasad and Kumari 2008; Prasad and Mondal 2008) have evaluated the heavy metals pollution in ground water and evaluated heavy metal pollution index (HPI).
Indexing approach
The HPI represents the total quality of water with respect to heavy metals. The proposed HPI is based on weighted arithmetic quality mean method and is developed on two basic steps: firstly, by establishing a rating scale for each selected parameter giving weightage to selected parameter (heavy metal) and, secondly, by selecting the pollution parameter on which the index is to be based. Rating system is an arbitrary value between 0 and 1, and its selection depends upon the importance of individual quality considerations in a comparative way, or it can be assessed by making values inversely proportional to the recommended standard for the corresponding parameter (Horton 1965; Mohan et al. 1996) . In the present formula, unit weightage (W i ) is taken as value inversely proportional to the recommended standard (S i ) of the corresponding parameter. Iron, manganese, lead, copper, cadmium, chromium and zinc have been monitored for the model index application. The HPI model proposed is given by Mohan et al. (1996) HPI ¼
where Q i is the sub index of the ith parameter. W i is the unit weightage of ith parameter and n is the number of parameters considered. The sub index (Q i ) of the parameter is calculated by
where, M i is the monitored value of heavy metal of ith parameter, I i is the ideal value of ith parameter, S i is the standard value of ith parameter. The sign (-) indicates the numerical difference of the two values, ignoring the algebraic sign. Generally, pollution indices are estimated for any specific use of the water. The proposed index is intended for the purpose of drinking water. The critical pollution index value for drinking water is 100. 
Materials and methods

Study area
Dhanbad, one of the biggest coal belts of India, is actively associated in mining activities for more than a century. The oldest geological formations of the Dhanbad district are composed of crystalline metamorphic rocks which belong to Dharwar system in Indian stratigraphy. In these formations are found rock types of both sedimentary and igneous origin. Course gritty soil is predominant in Dhanbad coal basin. This type of soil mixed with big fragment of rocks is formed from the weathering of pegmatites, quartz and conglomeratic sandstones. About 200 coal mines of Jharia coal fields, which produce prime coking coal, are located around Dhanbad township. The large scale industries like coal washing and coke making are located nearby. There is drinking water shortage in the (Arnold et al. 1992) . The digestion and concentration of water sample was carried out by reducing the volume of 1,000-50 ml by slow heating on a hot plate with addition of few millilitres of concentrated nitric acid. Slow heating was done to avoid metal loss due to evaporation. Analysis of these metals were performed by calibrating the instrument with different dilutions of standard solutions and analysis of Cu, Mn, Pb, Fe, Cd, Zn and Cr was performed at 324.7, 279.5, 217.0, 248.3, 228.8, 213 .9 and 357.9 nm, respectively. Three replicates were run for each sample and the instrument was recalibrated after analysis of ten samples. The detection limit of AAS was well within the range for all elements analysed. Over all precision expressed as percent relative standard deviation was obtained for all the samples. Because the samples were concentrated during digestion, the result obtained was calculated to get the actual concentration.
Result and discussion
The evaluation of concentration of seven heavy metals such as Fe, Mn, Pb, Cu, Cd, Cr, and Zn in three seasons in ground water of Dhanbad town is listed in Tables 1 and 2 . The mean concentrations of Fe, Mn, Pb, Cu, Cd, Cr, and Zn were 0.5416, 0.1662, 0.0038, 0.0084, 0.00041, 0.0072 and 0.2116 mg/l, respectively, which include total twenty ground water sampling points for three seasons of the year.
From the results, it has been observed that concentrations of heavy metals such as Cu, Pb, and Zn were well below the permissible limits of Indian drinking water standard (IS: 10500). The concentration of Mn and Fe has been found more than the highest desirable limit of drinking water standard at many places, in all seasons, especially in hand pumps water samples. The concentration of Fe in summer has exceeded the highest permissible value of 1.5 mg/l at sampling points 8,9, and 17 and in winters at sampling points 8,16 and 17. This phenomenon may be due to corroded nature of iron pipes of hand pumps or due to presence of more iron in ground strata bearing the ground water. In general, highest concentration of Mn and Fe in hand pump water samples indicates the poor quality and maintenance of hand pumps. The open well water samples collected at sampling point 1, 2, 3, and 20 show that none of the water samples are having higher concentration of any heavy metals under study except Mn at sampling point 2 in summer season and Fe at sampling point 20 in rainy season. Since the weightage (W i ) given to Fe and Mn is very less, so in evaluation of HPI of ground water in total, these parameters do not contribute much on HPI value.
Heavy metals like Pb, Cd, and Cr have been given no relaxation in drinking water standard and they have been given high weightage (W i ) value in HPI calculation. Hence even their smaller concentration present in water samples makes the water of poor quality and gives high values in HPI calculations. Concentration of Cu and Zn has not been found at any sampling point and at any season higher than the highest desirable limit of drinking water standard. Overall, the ground water of Dhanbad town with respect to heavy metals contamination is not a serious issue and ground water contamination of the township is not taking place due to severe coal mining activity near the township. The monitored data of ground water samples have been used to evaluate the HPI and assess the validity of the index model. The HPI has been determined by taking the mean concentration of heavy metals of all the three seasons using Eqs. 1 and 2. In Table 3 detailed calculation of pollution (Prasad and Jaiprakas 1999) . This indicated that even after continuous mining activity near the township for years, the ground water has not been contaminated by higher concentrations of heavy metals. The calculated HPI value indicates that, in general, the ground water is not contaminated with respect to heavy metals pollution. The heavy metal pollution index calculated for all 20 sampling locations and all seasons is given in Tables 4 and 5 , respectively. This enables us to assess the quality of ground water at each sampling station which can be used to compare the quality with each other. Percentage deviation and mean deviation with mean HPI value are also calculated for each sampling location. At all sampling points, HPI calculated is below the critical index limit of 100 but at sampling point 6, 9, 11, 13 and 15 which are shallow hand pumps, the index value is high as compared to other sampling station. All other sampling locations indicate lower value of HPI as compared to mean HPI of 8.2091 (Table 4 ) and the percentage deviation is negative side. More negative deviation shows better quality of ground water and more positive deviation shows deteriorated quality of ground water. The lowest HPI value of 1.7094 has been obtained at sampling point 20 which is an open well and highest HPI value of 25.4608 at sampling point 11 which is a hand pump. In Table 5 , calculation of HPI has been done separately for three seasons May (summer), August (rainy) and December (winter) months. Rainy season HPI shows highest value of 11.4717 and percentage deviation is positive ?64.8327 with mean HPI of 6.9596. Highest HPI in rainy season indicates that due to rain, many heavy metals from the surface of the ground may leach out to ground water. The HPI of summer and winter season is 6.2044 and 3.2028 which is lesser than the mean HPI and percentage deviation is -10.8511 and -53.9801, respectively. Lowest HPI in winter season with maximum negative percentage deviation indicates the best quality of ground water in winter season. This method has been found very useful to calculate the overall pollution level of ground water with respect to heavy metals.
Conclusion
The present mean HPI calculated for ground water of Dhanbad town has been found to be 6.8860 which is far below the critical index limit of 100. In our earlier study, which was carried out in 1997 for the same work, it was found that the mean HPI of Dhanbad township was 11.2531 (Prasad and Jaiprakas 1999) . This indicates that after passing of several years still the ground water of the mining town is not polluted with respect to heavy metals. In addition, the several years of coal mining activity taking place near the township has not affected the ground water quality with respect to heavy metals. This method of evaluating the overall pollution level of ground water with respect to heavy metals is a very useful.
